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1 Theoretical aspects

1.3.3  Fluorescence Quenching and Enhancement
1.3.4  Stimulated Emission
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AIIT  Reflection at an ideally conducting metal
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Assumption: Only E interacts with metal (electrons). Then the fields are given by

EL N Ex
Ei = <0> ; EL = Eyeitkz-at) Er=|o0 ET = —Ejei(-ke-wt+g)
0 0
0 0
Bi = (1535) . Bl = Byellts—wt) B" = <B,;> B} = +Bjel(kz-wt+9)
> by
0 0
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AIT Reflection at an ideally conducting metal

Due to the ideal conduction, E = E' + E” must vanish at the surface (z = 0).
Thus we get ¢ = 0 and

E,=EL+El = i-2E,sin(kz) e”t

B, =B +Bj} 2B, cos(kz) e~wt

The current density  in the slab is created by the incident electric field E,.. Then the
inductance prevents the current to increase infinitely. The current j, produces a
magnetic field A, which in turn creates the reflecting electric field. Thus

dHy

j=curl H = fe=—7r = ik Hye™iot
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AT Reflexion at a Metallic Surface

Standing wave
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ﬂ(“. Molecule in Front of a Metal Surface:
Fluorescence Quenching
>
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» Damping through ohmic losses (current in metal)

» Damping through the excitation of SPPs
» Weaker or even forbidden dipole emission (depending on distance)

— change of spontaneous emission rate!
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AIIT  Emission Enhancement: Purcell-Effect
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By increasing the density of final states p
for the photons emitted from a molecule

their spontaneous life time t will decrease.

AIT Radiation of a Black Body at Temperature T

Knowing the density of states p; the spectral energy density u(v,T)
of blackbody radiation can be immediately derived:

8m v? density of propagation modes in vacuum
pr(v) = 3
_ 1 averaged excitational state (n) of a
(n) = ehv/kT _ 1 quantum oscillator at temperature T
8mhv? 1
— u,T) =ps(v) - {n)hv = Q= gmr =]
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Example
Free space: p; = 2%
p P a pe mEC3Q
= —~=——
ity: p, = 252 o Vo
Cavity: p. = v
cavities photonic crystals microteroids nanoantennas
%
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AT Stimulated Emission
Stimulated
ny Emission
B, =B, =B
u) for non-degenerate states
ny
Excitation Absorption Spontaneous
Emission
n,=Bu()n, —Bu(v)n, —An,
Example: n(0) =0, np(0) =1 = ny(t)~e Butdt
. n, Bu(v)
Steady state solution: n, =0 = =

n_l_Bu(v)+A

Assume u(v, T) is a blackbody radiation with temperature T and the molecule is in balance

with the radiation.

!
N _ __hv/kT _A 1 _ 8 v3 1
n e = u(,T) = B ehVv/kT_{ = 3 ghv/kT_q

The coefficient A (spontaneous emission) depends on the density of states!
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